The present study examines the quality of binocular coordination of saccades at far and near distance in 15 children with symptoms of vertigo headache and equilibrium disorders; these children show normal vestibular function but abnormal convergence eye movements (e.g., long time preparation, slow execution and poor accuracy, see Bucci, Kapoula, Yang, Bremond-Gignac, & Wiener-Vacher, 2004a , 2004b . The results show normal binocular saccade coordination at far distance, but large abnormal disconjugacy for saccades at near distance. During combined saccade-vergence movements (studied in six of these children), convergence remains abnormally slow. This supports the interpretation according to which poor binocular yoking of the saccades is linked to the reduced ability to produce fast convergence during the saccade; a learning mechanism based on rapid vergence would help to reduce the abducting-adducting asymmetry of the saccades. An alternative interpretation would be reduced learning ability for monocular adjustment of the saccade signals.
Introduction
The binocular coordination of saccades is essential for achieving single binocular vision immediately after every change in Wxation. Collewijn and collaborators (Collewijn, Erkelens, & Steinman, 1988) were the Wrst to study the binocular coordination of horizontal saccades at far distance (91.4 cm) in four normal adults by using the magnetic coil technique. They reported an abduction-adduction asymmetry, that is, the saccade of the abducting eye (temporally directed) was always larger than that of the adduction eye (nasally directed). This caused a transient divergence that was about 0.5° at the end of saccades of 20°. Subsequently, during the post-saccadic Wxation period, substantial drift of the eyes was observed having both disconjugate and conjugate component: the disconjugate component was mostly convergent, while the conjugate component, which was generally of smaller amplitude, was directed towards the target. Similar observations have been made afterwards by other studies (e.g., Maxwell & King, 1992; Bruno, Inchingolo & van der Steen, 1995; Kapoula, Bucci, Lavigne-Tomps, & ZamWrescu, 1998; Lewis, Zee, Repka, Guyton, & Miller, 1995) . All these studies conWrm the existence of mild disconjugacy of the saccades.
In this study, we are interested in binocular saccades in children. Studies on binocular coordination of saccades in children are rather scarce; the Wrst study was that of Fioravanti, Inchingolo, Pensiero, and Spanio (1995) who examined in children and in adults horizontal saccades to LEDs using a distance of 1 m. Binocular coordination of saccades attained adult characteristics at about 10 years: indeed, for young children (<9 years) saccade disconjugacy was large and convergent, while for older children (>11 years) disconjugacy was small and most frequent divergent as in adults (on average the disconjugacy at the end of the saccades was 0.63° for saccades of 20°). More recent, Yang and Kapoula (2003) examined saccades at far (150 cm) and at near (20 cm) distance in children and adults. Binocular coordination of saccades was found to improve with age, approaching adult values at 10-12 years old. For children younger than 10 years, binocular coordination of saccades is distance dependent: saccades at near distance are more disconjugate than saccades at far distance; after this age disconjugacy is small regardless of the distance. The authors attributed this Wnding in young children to poor central control of the saccade command when the eyes are converging. They suggested a central interaction between the vergence system and the quality of binocular control of the saccade. This view is diVerent from that of Collewijn (Collewijn et al., 1988) who attributed the increased disconjugacy of saccades at near to simple geometry (at near distance a small lateral eye displacement corresponds to a substantial angle).
The issue of the existence of a disconjugacy of saccades is related to the diVerent hypotheses and controversy between Hering and Helmholtz (Hering, 1868 ). Hering's law postulates that the two eyes receive equal innervation, and the binocular coordination is innate. In contrast, Helmholtz proposed that motor command signals can be tailored individually to each eye; the binocular coordination would be the result of learning and visual experience. This debate has been reactivated in the last twenty years as behavioral and physiological studies on saccade and vergence interaction revealed that saccades can become largely unequal in the two eyes when a change is required both in direction and in depth. For Zee, Fitzgibbon, and Optican (1992) and Mays and Gamlin (1995) such saccades unequal in the two eyes are produced by co-activation of saccade and vergence oculomotor system, which are distinct at the brainstem level but coupled via the omnipause neurons. In contrast, Zhou and King (1998) found that neurons in the paramedian pontine reticular formation and in the nucleus prepositus hypoglossi that are believed to control saccades exhibited activity related to saccades of one eye only, so they were monocular. On the basis of these Wndings, King and Zhou (2002) presented a model in which the premotor command of saccades (both conjugate as well as disconjugate) is produced separately for each eye. The debate between the Hering and the Helmholtz-type models is still open as there are recent data supporting both the Hering model (Busettini & Mays, 2005a , 2005b Kumar, Han, Liao, & Leigh, 2005 ) and the Helmholtz model (see the electrophysiological studies of Chen-Huang & McCrea, 1999; Sylvestre, Choi, & Cullen, 2003; Sylvestre & Cullen, 2002) .
Our hypothesis is based on previous behavioral oculomotor studies (see Collewijn, Erkelens, & Steinman, 1995 , 1997 and also on fast adaptation studies (Kapoula, Eggert, & Bucci, 1995; suggesting a continuous interaction between the saccade and the vergence system. The present study examines the quality of binocular yoking of saccades at far and at near distance in children with vertigo who also present vergence deWciency.
We report poor coordination at near associated with abnormally slow convergence studied for combined saccade-vergence movements.
Methods

Subjects
Fifteen children (from 10 to 15 years old) participated in the study. The mean age was 13 § 1 years. The investigation adhered to the principles of the Declaration of Helsinki and was approved by our institutional human experimentation committee. Informed consent was obtained from children's parents after explanation of the procedure of the experiment. Subjects were recruited by the ENT and ophthalmology service of the children's hospital because they complained of vertigo and headache. More precisely, children felt the environment moving around them or being in imbalance. These symptoms were usually brief, lasting less than 1 min, but they occurred several times during the day, frequently related to fatigue (at school or at the end of the day, and often after long exposure to computer or television screens). Other than these symptoms no children had neurologic problems and they did not receive any medication. All children underwent to complete vestibular and orthoptic examination as we did for the other group of subjects presenting similar vertigo symptoms (Bucci et al., 2004a , Bucci, Kapoula, Yang, Wiener-Vacher, & Bremond-Gignac, 2004b ).
Vestibular examination
The vestibular testing included a clinical vestibular examination and vestibulo-ocular response recording (see Bucci et al., 2004a Bucci et al., , 2004b Wiener-Vacher, Toupet, & Narcy, 1996 , for details). The results of all these tests were normal for all children participating to this study.
Orthoptic examination before and after orthoptic training
All children had normal binocular vision (60 s of arc or better), that was evaluated with the TNO random dot test for stereoscopic depth discrimination. No child wore spectacles. Orthoptic evaluation of vergence (made by using prisms, Maddox rod and synoptophore technique) revealed for all subjects vergence abnormalities (Rouse, Borsting, Hyman, Hussein, & Solan, 1998; Rouse et al., 1999) : distant near point of convergence was on average 78 § 1 cm, exophoria (i.e., latent deviation of one eye when the other eye is covered) at near viewing was on average 8 § 2 pD; and limited range of fusional vergence (at near: 20 § 7 pD and 10 § 4 pD and at far: 14 § 6 pD and 5 § 2 pD, respectively for convergence and divergence).
Orthoptic training (twelve sessions, three times per week) was prescribed for all children. It consisted of several eye movement exercises (e.g., converging and diverging the eyes to follow a small pen-light or a letter moving in depth) in order to improve the range of vergence fusional amplitude.
After this training a second orthoptic clinical examination was done for all children. Clinical signs of vergence disorders disappeared: the near point of convergence became normal (5 § 1 cm) and the exophoria at near vision decreased reaching normal values (3 § 2 pD). Finally, the range of vergence also increased after training (at near: 30 § 5 pD and 17 § 5 pD and at far: 25 § 4 pD and 8 § 4 pD, for convergence and divergence, respectively). Most important, for all children, subjective symptoms of vertigo and headache disappeared.
Eye movement recording
A PC directed the visual stimulation; data collection was directed by REX, software developed for real-time experiments and visual display run on the PC. Horizontal eye movements from both eyes were recorded simultaneously with a photoelectric device (OCULOMETER, BOUIS). This system has an optimal resolution of 2" of arc and a linear range at § 20° (Bach, Bouis, & Fischer, 1983) . Eye-position signals were low-pass Wltered with a cutoV frequency of 200 Hz and digitized with a 12-bit analogue-to-digital converter; each channel was sampled at 500 Hz.
Procedure
Subject was seated in a chair with the head stabilized by a forehead and chin support. The experiment was run in a dark room. Horizontal eye movements from both eyes were recorded two times before and after training.
Visually guided saccades to LEDs
A standard saccade paradigm was used to elicit visually guided saccades: a target-LED jumped horizontally from 0° to10° or 0° to 20° to the right or to the left at far (150 cm) or at near (30 cm) distance; target remained at each location for 2 s, this time was suYciently long to allow accurate and stable Wxation. Subject was instructed to Wxate the target as accurately as possible. In each block rightward and leftward saccades at far and at near distance were interleaved randomly. Each block contained 20 rightward saccades (10 at far and 10 at near distance) and 20 leftward saccades (10 at far and 10 at near distance). For the majority of children three blocks were run. For each distance the Wrst and last Wve recordings of each block were used to extract the calibration factors (see below). This procedure is similar to the one of Bucci, Kapoula, Yang, Wiener-Vacher, and Bremond-Gignac (2003) applied to calibrate saccades at far and near distance in normal children using the same set-up.
Combined saccade-vergence eye movements
For six of these children an additional experiment was run to record combined saccade-vergence movements (see for details Bucci et al., 2004a) . Trial started by lighting a Wxation LED at far or at near distance in front of the subject; then when it was turned oV a target-LED appeared for 2 s. The position of this target-LED was lateral (right or left) and at far distance when the Wxation was at near and viceversa; the required eye movement was always a saccade of 20° (to the right or to the left) combined with a vergence (convergence or divergence) of 15°.
Data analysis
Calibration and analysis methods are similar to those used in prior studies (Bucci et al., 2003 (Bucci et al., , 2004b . BrieXy, a linear function was used to Wt the calibration data. From the two individual calibrated eye position signals we calculated the conjugate or saccadic signal [(left eye + right eye)/2] and the disconjugate or vergence signal (left eye ¡ right eye). Markers were placed automatically at diVerent points on the eye position signals by the computer, and were veriWed afterwards by an investigator. The markers of the saccadic trace were projected on the disconjugate trace; the onset of the conjugate saccadic component was deWned as the time when the eye velocity reached 5% of the saccadic peak velocity; the oVset of this signal was deWned as the time when the eye velocity dropped below 10°/s. These criteria are standard and similar to those used in above cited studies.
For each saccade recorded at far and near distance we examined the binocular coordination of these saccades by measuring the amplitude of the disconjugacy (left eye ¡ right eye) and the amplitude of the post-saccadic drift over the period following the oVset of the primary saccade until the onset of the Wrst corrective saccade. For the drift estimation we calculated the conjugate component of the post-saccadic drift [(amplitude of the drift of the left eye + amplitude of the drift of the right eye)/2], and the disconjugate component (the diVerence in the amplitude of the drift between the two eyes, left eye ¡ right eye). The disconjugacy of the saccades and the amplitude of the drift components (disconjugate and conjugate) were always expressed as the ratio of the amplitude of the saccade in percentage.
For each component (saccade and vergence) of combined movements we measured the gain that is the ratio of the amplitude of the total movement over the target excursion amplitude, the duration and the mean velocity (amplitude of the movement/duration).
To examine eventual abnormalities in the quality of binocular coordination of saccades, data recorded before training where compared with values of normal subjects of similar age studied by our group under the same conditions extracted from the study of by using the Student's t-test (p < 0.05). At the individual level the Student's t-test was also used in order to test diVerence between the far and near distance. One-way analysis of variance was used to investigate the eVect of distance (far versus near). To test the eVect of orthoptic training two-way ANOVA was applied with as between subject factor the before and after training and as within subject factor the condition (far and near distance). Fig. 1A shows binocular recordings of saccades at far and at near distance from the child S4. The quality of coordination is better shown in Fig. 1B and C where the conjugate and the disconjugate components are displayed. Saccades at far distance are well yoked, showing only a small remaining disconjugacy at the end of the saccade; the post-saccadic drift is small, initially convergent reducing this disconjugacy. In contrast, the saccade at near distance is poorly coordinated: the right eye makes a larger saccade to the right leading to a divergent disconjugacy. Moreover, following the saccade, important convergent disconjugate post-saccadic drift is present reducing but not eliminating the saccade disconjugacy.
Results
Qualitative observations
Next we present quantitative data of the disconjugacy of the principal saccade and of the subsequent post-saccadic drift from all children examined. Fig. 2A shows in percentage the disconjugacy of the saccades expressed as the ratio of the saccade amplitude for each child at far and at near viewing distance. Normal mean disconjugacy values for children of comparable age from the study of Yang and Kapoula (2003) are shown in the Wgure by horizontal lines on the mean group. For all children disconjugacy is larger at near than at far distance, and the diVerence reaches signiWcance in ten children. At the level of group, disconjugacy of saccades at near distance (9 § 2%) is signiWcantly larger than that at far distance (5 § 2%, F (1,14) D 51.13, p < 0.0003). Most important, at near distance disconjugacy value is signiWcantly larger to that observed in normal children by (6 § 2%). In contrast, the mean disconjugacy value at far distance in children with vertigo is similar to that observed in normal children (5 § 2%).
Quantitative data
Binocular coordination of saccades
In conclusion, disconjugacy of saccades in children with vertigo depends on viewing distance; at far distance, disconjugacy is small as in normals, while at near distance it is abnormally large. Fig. 2B shows the disconjugate component of the postsaccadic drift occurring before the corrective saccade for the two viewing distances. For twelve of the Wfteen children the disconjugate drift is larger at near than at far distance; for Wve of them (S1, S2, S4, S8, and S10) the diVerence reaches signiWcance. The group mean of the disconjugate drift is 3 § 1% and 5 § 1% at far and near viewing distance, respectively. These values are statistically diVerent (F (1,14) D 12.92, p < 0.003). With respect to that found in normal children (2 § 1% and 3 § 2% at far and near distance, respectively), children with vertigo show larger disconjugate drift at both viewing distances; however, only the drift at near distance is signiWcantly higher than in normal children.
Post-saccadic eye drift: Disconjugate and conjugate components
The conjugate component of the post-saccadic drift in the two conditions is shown in Fig. 2C . For the majority of the children the conjugate drift is small (<3%), and similar at both far and near viewing distance; for both conditions the sign of the conjugate drift is in the half of the case onward means toward the target (52 and 55% of saccades at far and near distance, respectively). The group mean conjugate drift is 2 § 1% and 3 § 2% at far and near distance, respectively. These values are similar to those recorded in normal children.
In conclusion, in children with vertigo, only the disconjugate component of the drift at near distance is abnormally high; while disconjugate drift at far distance and conjugate drift at both far and near distance is normal.
Sign of disconjugacy
In normal adults, the divergent disconjugacy during the saccade is reduced by the drift following the saccade which, most of the time, is convergent (see Collewijn et al., 1988) . As complementary information we examined the sign of the disconjugacy during and after the saccade. In Fig. 3 , for each child is plotted the percentage of saccades with divergent disconjugacy versus the percentage of saccades followed by convergent post-saccadic drift for the two distances. Only for saccades at far distance, there is a signiWcant correlation (r D 0.64, p < 0.009), indicating that in most of the cases the divergent disconjugacy of the saccade is afterwards reduced by convergent drift, i.e., the normal pattern known in adults. In contrast, for saccades at near distance, the correlation is very low and does not reach signiWcant value (r D 0.16, p D 0.59).
EVect of orthoptic vergence training
For six children the same oculomotor test was run after orthoptic vergence training. Fig. 4 shows respectively the before after training changes for the disconjugacy of saccades (Fig. 4A) , and for the two components of the postsaccadic drift (Fig. 4B and C) at far and at near viewing distance. Positive values indicate decrease of value after training. After training, for all children the disconjugacy Fig. 2 . Individual average disconjugacy of saccades (A), of the disconjugate post-saccadic drift (B), and of conjugate drift (C) at far (white bars) and at near (black bars) viewing distance. Asterisks indicate a signiWcant diVerence between the two conditions. Vertical lines indicate the standard error. Group means are based on Wfteen children. Horizontal line on the group means corresponds to the mean value found in normal children of comparable age . In contrast, the after training changes of both components of the post-saccadic drift (disconjugate and conjugate) are variable among children and distances, and the ANOVA does not show a signiWcant eVect of training neither for the disconjugate nor for the conjugate component of the drift. There is no signiWcant eVect of the distance for both drift components and there is no signiWcant interaction between training and distance.
In conclusion, in children with vertigo orthoptic training decreased signiWcantly the disconjugacy of the saccades at near distance rendering it normal and similar to that at far distance; in contrast, both the disconjugate and conjugate component of the post-saccadic drift do not change signiWcantly after training. Fig. 5 shows the gain, the duration and the mean velocity for both saccade and vergence component of combined movements for six of the children tested before training. Horizontal lines indicate values from normal children of comparable age from the study of Yang and Kapoula (2004) using the same experimental setup. The performance of saccades combined with convergence is diVerent to that observed in normals, particularly for the convergence component. The gain of both components is abnormally low (0.63 § 0.02 and 0.61 § 0.07, respectively, for the saccade and the convergence component), while the duration and the mean velocity of the saccade component is in normal range (81 § 5 ms, and 149 § 9°/s). For the convergence component the duration is abnormally long (349 § 33 ms) and the mean velocity is lower with respect to normal values (28 § 2°/s). In contrast, the gain, the duration and the mean velocity of both saccades and divergence component for saccades combined with divergence are in the normal range: 0.75 § 0.03 and 0.83 § 0.06; 113 § 8 ms and 456 § 40 ms; 135 § 10°/s and 31 § 4°/s, respectively for the saccade and the divergence components.
Additional observations: Combined saccade-vergence movements
Discussion
The main Wndings observed in children with vertigo are the following: (i) at far distance the disconjugacy during the saccade and during the post-saccadic Wxation period is in the normal range; in contrast, at near distance disconjugacy during and after the saccade is abnormally large; (ii) at both distances the conjugate component of the post-saccadic drift has normal value; (iii) during combined saccadevergence movements the convergence is abnormally slow; and (iv) orthoptic vergence training improves signiWcantly the disconjugacy of saccades at near distance. Next we will discuss in detail each of these Wndings. Yang and Kapoula (2003) showed that distance eVect on binocular coordination exists only for children aged <10 years; here we report that older children (>10 years old) with vertigo show substantial distance eVect i.e., the coordination of saccades is very poor at near despite their age. Note that some diVerence between far and near exists even in adults (see Collewijn, Erkelens, & Steinman, 1997) but it is much smaller, and Collewijn and collaborators attributed such small diVerence to simple geometric reasons. Our Wndings suggest that poor binocular coordination of saccades at near distance could be due to the deWciency of convergence control reported in children with vertigo.
Binocular coordination of saccades-distance dependency
Role of vergence on saccade yoking
The present results suggest that the improvement in the vergence control is associated with the improvement of binocular coordination of saccades at near distance. Several studies showed the presence of adaptive modiWcation of the vergence system in normal subjects (Munoz, Semmlow, Yuan, & Alvarez, 1999; Semmlow & Yuan, 2002; Takagi et al., 2001) as well as in patients (Lewis et al., 1995) . Importantly, in patients with trochlear nerve pareses, Lewis et al. (1995) observed that the improvement after eye surgery of the vertical saccade yoking was well correlated with the vertical vergence capabilities measured before surgery in these patients. The authors advanced the hypothesis that adaptive changes in the binocular saccade coordination could depend on the vergence system, and they suggested a possible interaction between the vergence and the saccade system at the premotor level. The site of the vergence and saccade adaptation is not known yet; however, in monkeys Takagi, Tamargo, and Zee (2003) showed that lesions of the dorsal cerebellar vermis aVect both the quality of the saccade yoking and the dynamics of vergence, suggesting that the dorsal vermis plays a role for the binocular control of eye movements. The interpretation proposed here is similar; adaptive mechanisms based on continuous interaction between the saccade and the vergence systems allow normal subjects to make well yoked saccades. Fragile or deWciency in the convergence system as occurs in children Fig. 5 . Individual mean gain (amplitude of the movement/target excursion), duration and mean velocity (amplitude of the movement/duration) of saccades combined with convergence and with divergence. Horizontal lines on the group means correspond to the mean value found in normal children of comparable age (Yang & Kapoula, 2004) . Other notations as in Fig. 2 . 
Visual consequences
Given that at near the divergent saccade disconjugacy is not always corrected by a convergent post-saccadic drift, one could argue that at near distance children are exposed to double vision that could prevent normal visual processes. To explore further this aspect we examined the disconjugate post-saccadic drift 300 ms after the corrective saccade; normally, during this period the eyes Wxate the object of interest and stable Wxation is needed to allow correct visual analysis of the object of interest. At this time the disconjugate drift is very small and similar in the two conditions (2 § 0.3% and 3 § 0.2% for far and near distance, respectively) suggesting that the loss of the convergent position of the two eyes is a transient phenomenon related to the saccade movement. The Wxation instability observed immediately after the saccade in our children could interfere with visual processing during this early Wxation period. This important aspect, however, needs further exploration, perhaps using stimuli with more meaningful information. Collewijn et al. (1995) advanced the hypothesis that the transient vergence observed during pure saccades could be useful helping subject to produce a fast vergence response during gaze shifts in the natural environment calling for changes both in direction and in depth. In a similar way we suggest that a vergence command could be always linked with a saccade command even when saccade is done into a Wxed distance, e.g., iso-vergence plane that does not require a change in depth. Such strategy could be used to tailor the saccade of the two eyes compensating for the small diVerences in extra-ocular muscles or delay diVerences in the circuitry of innervation of the lateral and medial rectus of the two eyes (see Leigh & Zee, 1999) . For children with vertigo the vergence command, particularly that of convergence could not work correctly thereby leading to poor saccadeconvergence interaction for pure saccades as well as for combined saccade-convergence movements. Indeed, in the present study the convergence component during saccades combined with convergence was found to be abnormally slow with respect to normals. This Wnding supports the interpretation proposed here for the poor yoking of saccades in terms of abnormal interaction between the saccade and the convergence system.
Binocular coordination of saccades and properties of combined saccade-vergence movements
The presence of a distinct sub population of neurons responsible of the fast vergence command occurring during combined movements as suggested in the model proposed by Zee et al., 1992 is controversial (see Introduction). An alternative explanation of the rapid vergence during saccades supporting the Helmholtz theory has been suggested by Zhou and King (1998) ; these authors proposed that the saccade command can be monocularly tailored allowing a rapid change of vergence in the 'technical sense'; in other words there is not really vergence command but the saccade can be monocularly controlled.
Our hypothesis based on our prior developmental studies on binocular control is that learning and adaptive mechanisms that develop in children at 10-12 years use the interaction between the saccade and the vergence subsystems to compensate for saccade asymmetries. When convergence signal during the saccade is abnormally slow, as occurs in children with vertigo, the resulting saccade is less well yoked for the two eyes.
EVect of orthoptic vergence training
The beneWt of the orthoptic vergence training in subjects with vergence abnormalities is well known (GriYn, 1987; Scheiman et al., 2005; van Leeuwen, Westen, van der Steen, de Faber, & Collewijn, 1999) . Moreover, we showed (Bucci et al., 2004a (Bucci et al., , 2004b ) that after orthoptic training disappearance of subjective symptoms of vertigo and headache is associated with improvement of eye movements performance (i.e., the latency and the accuracy), particularly of convergence. Most likely, orthoptic training acts via visual attention mechanisms, allowing to a better target localization and tight guidance of attention and eyes to the target in the natural space.
Binocular control and vertigo
Finally, the present study suggests a relationship between vergence, saccade coordination deWcits and vestibular symptoms, such as vertigo and headache. Vestibulo-ocular reXex (VOR) stabilizes the image on the fovea during head and body movements and frequently, saccades-so called catch-up saccades-in the same direction of the slow phase of the VOR are made (Leigh & Zee, 1999) . The presence of these saccades has been observed in normal humans (Ramat & Zee, 2003) as well as in subjects with labyrinthine deWciency (Tian, Crane, & Demer, 2000) ; because of their short latency these saccades were considered as triggered by vestibular information. Furthermore, Ramat and Zee (2003) recorded both eyes during a response to an abrupt head translation (tVOR) and observed that saccades during tVOR are disconjugate and such disconjugacy increases with proximity. Interestingly, a more recent study from Ramat and Zee (2005) showed the latency of saccades during tVOR can be long (>200 ms) suggesting that they could be visually driven and not only induced by vestibular input as previously reported. Thus, it seems to be a natural symbiosis between voluntary saccades, vergence, pursuit and vestibular response. Perhaps abnormal large disconjugacy of saccades coupled with the VOR during head and body motion could be responsible of a poor stabilization of images on the retina, leading to vertigo and equilibrium disorders as reported by our children before training.
However, further studies combining VOR and binocular saccade recording in children with vertigo symptoms are needed.
